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1. Introduction

The Simulation Based Acquisition (SBA) concept offers
the promise of major quality, productivity and industrial
base improvements in defense system acquisition. This
paper provides an overview of SBA in the U.S. Depart-
ment of Defense (DoD) and examines the implications of
SBA for coalition defense, international collaborative
acquisitions and the defense industrial base.

2. SBA Emergencein the U.S. DoD

Over the last decade, various DoD studies, speeches,
documents and presentations identified and promoted the
potential benefits of comprehensively applying modeling
and simulation (M&S) to the acquisition of defense sys-
tems. Enabled by revolutionary advances in information
technology (IT), including processing, networks, database
management, software and displays, M& S was promoted
as offering the ability to define requirements, design,
build and operate new weapon systems in the computer
before beginning manufacture. Advocates noted that
many problems in DoD’s traditional acquisition process
could be overcome by such an approach.

Developments in industry early in the last decade rein-
forced this view. Equipment manufacturers such as
Chrydler (automobiles) and Boeing (commercial aircraft)
were increasingly harnessing IT to enable geographically-
dispersed, multi-company teams to efficiently conduct
collaborative design and manufacturing, getting better
products to market faster and less expensively than ever
before. Prominent among industry’s IT tools were 3D
computer aided design (CAD) modeling systems, product
data management (PDM) repositories, enterprise resource
planning (ERP) applications, and manufacturing and
maintenance simulations. These provided advanced de-
sign, planning, analysis and visualization capabilities,
better equipping decision makers and better communi-
cating information to all involved parties, including
customers and workers.

Arguments for the application of such capabilities to DoD
weapon acquisition were persuasive. As understanding of
the potential benefits spread, M& S (which includes CAD)
became widely regarded as an indispensable tool for
meeting DoD’s objectives, including its aggressive goals
for reducing the time and cost to acquire weapon systems.

Individual acquisition programs began to use such ad-
vanced tools and various DoD organizations began to
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advocate corporate-level action to harness their full bene-
fit. Forums were established to further institutional
consideration and adoption of such approaches. Chief
among these have been the Acquisition Council, a com-
ponent of the DoD Executive Council for Modeling and
Simulation (EXCIMS), and the SBA Industry Steering
Group (SBA 1SG), a component of both the National De-
fense Industrial Association (NDIA) Systems Engineering
Committee and the Affordability Task Force of the Na
tional Center for Advanced Technologies (NCAT). In
December 1997, the Acquisition Council approved a
“Simulation Based Acquisition” vision statement for the
DoD. Theterm “SBA” has many detractors, for the con-
cept involves far more than simulation and invites
confusion with the Small Business Administration, but it
is thus far the most widely accepted name for the perva-
sive and collaborative application of M&S to enable
improved system acquisition and life cycle support.

3. The SBA Road Map

In March 1998, the Acquisition Council established a
Joint SBA Task Force to develop a road map for DoD’s
implementation of SBA. Industry played a limited role,
effectively advocating for an expansion in the scope of
the road map to address process and culture issues, and
participating in the task force's Quality Function De-
ployment process.

The draft SBA Road Map was released for coordination
in December 1998. A voluminous work of almost 400
pages, it proposed a “to be” SBA architecture, discussed
cultural issues, attempted to quantify return on invest-
ment, and made 24 implementation recommendations.
Disputes arose among the DoD Components and with
industry over various aspects of the plan, including justi-
fications for the recommended actions, its completeness
and coherency, the proposed architecture, industry par-
ticipation and funding. As a result, the SBA Road Map
was never formally approved as a guidance document. In
hindsight, it may be said that given the difficulty of the
many issues inherent in SBA, the road map simply tried
to move DaD farther and faster than was possible within
the time available and experience to date.

Still, the SBA Road Map is almost universally regarded as
a major step forward. It developed important new con-
cepts and expanded the defense community’s
understanding of the issues involved. Other SBA depic-
tions, agreeing on vision and goals but differing on
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important points such as architecture, exist within both
industry and government, but the SBA Road Map thus far
remains the most cited and influential document. Many
of the road map’s terms and concepts have been adopted
by individual Services and programsin their own efforts.

4. SBA De€finition

Since various SBA views had arisen and the Acquisition
Council’s original brief SBA statements did not address
many issues, a need arose in both government and indus-
try for a clearer definition of what attributes define SBA.
Building upon the council’s 1997 SBA statements, the
SBA Road Map, DoD and industry documents and
speeches, several SBA workshops and working level de-
liberations of government and industry personnel, the
SBA ISG and Acquisition Council both approved the
following expanded definition of Simulation Based Ac-
quisition in August 2000. Both bodies expect this
definition to evolve through implementation experience.

Concise Definition of SBA

An acquisition process in which DoD and Industry are
enabled by robust, collaborative use of simulation tech-
nology that is integrated across acquisition phases and
programs.

SBA Goals
O Substantially reduce the time, resources, and risk
associated with the entire acquisition process

Q Increase the quality, military worth, and support-
ability of fielded systems while reducing total
ownership costs throughout the total life cycle

O Enable Integrated Product and Process Devel opment
(IPPD) across the entire acquisition life cycle

SBA s

O Adramatically improved acquisition process enabled
by the application of advanced information technol-
ogy (IT); legidation, policy, budgeting and
management changes, and the education and moti-
vation of all participants.

O Better informed decisions and reduced risk by more
accurate and comprehensive assessments of design,
manufacturing, employment and support concepts
earlier in the acquisition cycle.

O The optimization of system performance versus total
ownership cost (TOC) by early and continuing col-
laborative exploration of the largest possible trade
space: across all of a system's life cycle activities,
within and among multiple government and commer-
cial organizations, across professions and
disciplines, and up through system of systems mission
area perspectives.

O Faster time to field through increased concurrency,
tighter decision cycles, more efficient and effective
testing, and a reduction in costly fixes for problems
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discovered late in the acquisition cycle.

Lower total ownership cost of individual systems via
lower personnel and material costs accruing fromthe
above, and from the standards-based reuse of infor-
mation and software to minimize their cost.

Greater modernization for DoD through this reduc-
tion in the cost of individual systems and the more
optimal program investments enabled by system of
systems mission area assessments.

The provision of enduring collaborative environ-
ments, in which government and/or industry experts
utilize off-the-shelf (or minimally modified) sets of
reusable, interoperable tools and supporting re-
sources (such as information sets) to assess the
attributes of an emergent capability, concept, doc-
trine, tactic, process or situation in the broader
context of an expected real-world environment.

The efficient, automated and near-real-time sharing
of relevant information among all personnel with a
need to know, such that they have accurate and con-
sistent understandings of a system (both physical and
behavioral) and its external environments, including
their variants, as they evolve. Information about the
systemis shared via a distributed product description
(DPD). Information about its external environments
is shared by similar mechanisms. A DPD is charac-
terized by:
0 The integration of information in disparate lo-
cations into what appears to the user as a single
integrated data set;

o Minimal data duplication, such that data is cre-
ated once, but used many times;

o Data set coherency in terms of semantics, syn-
tax, levels of resolution (granularity), and
integrity among interdependent attributes;

0 Web-based access and user-friendly search, dis-
play, parsing, download and subscription
mechanisms, with alert, trigger and threshold
functions to enable delivery of only relevant in-
formation (to minimize bandwidth and
processing costs, and avoid human overload);

0 Security/access controls to protect classified,
proprietary or private information; and

o Configuration management of multiple versions
and their histories, to include analysis results
and decision rationales.

The aggressive, comprehensive application and
sharing of mature advancements in information tech-
nology such as distributed networking, multi-user
computer environments, database management sys-
tems and particularly advanced modeling and
simulation (M&S) tools, including commercial prod-
uct development automation tools (e.g., CAD, ERP),
HLA-based distributed simulation, and interactive
virtual reality. The models and simulations will:
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o0 Be verified and validated, with documentation of
this to facilitate accreditation and reuse;

o Communicate system concepts and capabilities;

0 Manage the details of complex spatial, causal
and temporal relationships, helping humans as-
sess key parameters, identify issues, track trends
and assess the merits of alternatives,

o0 Allow a system to be designed, built, tested and
operated in the computer before critical deci-
sions are locked-in and manufacturing begins;

o Allow alternative designs to be carried further
into the acquisition process;

0 Maketest an integral aspect of design, make live
testing more cost-effective, and allow effective
testing where live testing isimpractical; and

0 Collectively satisfy all program needs capable of
being addressed via M&S.

O Dependent on the capability to interoperate and re-
use heterogeneous tools and digital information, and
to incrementally insert technology upgrades and re-
placements for each, made possible by specifying:

0 Reference operational and system architectures,
adaptable to individual programs;

o A common technical architecture; and

0 Open, preferably commercial, data interchange
standards.

Q A non-proprietary environment, allowing the use of
proprietary tools and information as appropriate.

O Anenduring means for understanding, managing and
modifying a system throughout its lifetime.

O Dependent on competent professionals, including
M& S experts, in both government and industry.

SBA Is Not
O Areplacement for good systems engineering.
O Having simulations make the decisions.

O Giving all information to everyone and letting every-
one see everything you do.

O Thelossof security and proprietary advantage.

Q The loss of responsibility, authority and/or account-
ability.
Q Justusing M&Sin an acquisition program.

The comprehensive and challenging nature of the changes
envisioned by SBA is readily apparent in the above
statement. It should be noted that SBA is a significant
leap beyond the typical extended enterprise, M&S-
enabled, product development environments in industry
today. Among the key differences are (1) the ability to
interchange information among heterogeneous tools, and
interoperate those tools, via open standards; (2) simula-
tion of the system's operating environment, including
complex system of systems interactions; and (3) M& S use
for test, evaluation and certification.
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5. Relationship of SBA to IDE and SoS

The panel’s three focus areas, Systems of Systems (SoS),
Simulation Based Acquisition (SBA) and Integrated
Digital Environment (IDE), are closely related. The SoS
concept requires the capability to analyze, test and evalu-
ate the combined capabilities of individual (existing,
emerging or proposed) systems which must work together
to provide a broad mission area capability. SBA aspires
to provide a comprehensive, distributed, collaborative and
persistent modeling and simulation capability that can,
among other things, support such SoS analysis. SBA re-
quires a pervasive and secure information-sharing
infrastructure to support the use of its software tools.
Providing this sort of real-time digital information ex-
change environment across an extended enterprise of
qualified usersis agoa of the IDE initiative. Thus IDE
supports SBA, and the two together facilitate the realiza-
tion of SoS management.

The overlaps and potential synergy among these three
initiatives has not always been appreciated. Their logical
interdependencies must be recognized. By leveraging the
accomplishments of one initiative for the benefit of the
others, the advanced acquisition environments they all
seek may be achieved faster and more efficiently.

6. Current Status of SBA within DoD

Current DoD policy governing the acquisition of weapons
and automated information systems (DoD 5000.2-R
change 4 of May 1999) identifies M& S as a key element
of a program’s acquisition strategy. A revision to the
capstone acquisition directive (DoD 5000.1), now in final
review, includes SBA under “Policies & Principles,” re-
quiring program managers to make effective use of M& S.

The SBA concept is moving forward, but in a more asyn-
chronous and less coordinated way than originally
envisioned by the Acquisition Council. Individual mili-
tary services and programs have embraced the SBA
concept to various degrees, albeit sometimes by different
names, and significant (but many argue inadequate) re-
sources are being applied to make it happen.

There is general appreciation of the significant technical
and cultural challenges inherent in realizing the full SBA
vision, particularly those aspects related to broad collabo-
ration and the sharing of information and tools across
phases (e.g., using a program’s simulations in the opera-
tional testing of the system) and programs. Cross-
program reuse remains limited, with most occurring only
when the same contractor isinvolved in both programs.

The defense community is searching for an optimal path
to bring to fruition the capabilities envisioned by SBA.
However, it is not wed to that name nor universally com-
mitted to the need for a major SBA initiative to achieve
SBA goals.
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6.1 Department of the Army

The Assistant Secretary of the Army for Acquisition, Lo-
gistics and Technology, ASA(ALT), has established an
SBA initiative called Simulation and Modeling for Acqui-
sition Requirements and Training (SMART). It aspiresto
bring the requirements, training and acquisition commu-
nities together to address system development and life-
cycle support. The Army is following a “central plan-
ning, decentralized execution” strategy, attempting to
motivate program managers (PMs) to incorporate
SMART into their programs. Four “flagship” programs
have been identified: Crusader, Apache, Future Scout
Calvary System, and Close Combat Tactical Trainer.

SMART has enjoyed strong advocacy by the Army Chief
of Staff and Secretary of the Army. It has recently transi-
tioned to management by the Army Modeling and
Simulation Office, where an implementation plan is in
preparation. ASA(ALT) has sponsored three well-
attended annual conferences and has formed a partnership
with the NASA Intelligent Synthesis Environment (ISE)
office to sponsor the 2001 conference.

6.2 Department of the Navy

Although the earliest Service proponent for an SBA-like
approach to acquisition, the Department of the Navy does
not currently have a high-level champion for SBA as a
major initiative. Thereis a solid appreciation at the Sec-
retariat level of the ability of M&S to improve
acquisition, particularly with regard to interoperability
issues (SoS). Program manager commitment to M&S asa
central aspect of their programsisincreasing, but far from
universal. Navy programs implementing aspects of SBA
include the Joint Strike Fighter, LPD-17, DD 21, Virginia
Class Submarine, and Advanced Amphibious Assault
Vehicle. Many other SBA-related enabling efforts are
underway within the research and development (R&D)
community and the various system commands.

The Navy Acquisition Reform Office is developing a plan
to achieve the goals of SBA, and the many other SBA-
related initiatives that it has identified, in a harmonized
way. By documenting their enabler superset and per-
forming a gap anaysis of what is in hand or in work
across government and industry, the Navy intends to es-
tablish a work breakdown structure (WBS) to support
collaborative, cost-effective realization of SBA. A pre-
liminary version of this WBS framework has been
drafted.

6.3 Department of the Air Force

The Air Force Materiel Command (AFMC), assisted by
the Secretary of the Air Force Staff, is leading SBA im-
plementation for the USAF. An SBA Tiger Team,
formed in 1998 under AFMC leadership, explored SBA
Road Map concepts and made recommendations regard-
ing implementation of SBA. This was followed by a
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January 2000 General Officer SBA conference, which
directed the establishment of an SBA Infrastructure Pro-
gram, to begin in October 2001 under Electronic Systems
Center management.

The Air Force has also issued a new directive, Air Force
Instruction 16-1002, “Modeling and Simulation Support
to Acquisition,” that provides a framework for SBA im-
plementation. Its purposes include guiding the direction
of M&S in acquisition; guiding USAF M&S investment
strategy; ensuring M&S acquisition products are effec-
tive, suitable, and reusable; and linking M&S use in
acquisition to requirements generation, testing, logistics,
training and education. Although never using the term
SBA, it adopts many SBA Road Map terms and requires
program managersto develop an M& S Support Plan.

6.4 Office of the Secretary of Defense (OSD)

The Service activities are currently taking place inde-
pendent of any central direction from OSD. The Office of
the Undersecretary of Defense for Acquisition, Technol-
ogy and Logistics [OUSD(AT&L)] has undergone several
organizational re-alignments over the past year and a half
to streamline its operations. Responsibility for the SBA
initiative within OSD transitioned along with the re-
alignments. As Director, Test, Systems Engineering and
Evaluation (DTSE&E), Dr. Patricia Sanders had been
chairman of the Acquisition Council, a catayst for the
emergence of the SBA concept, and its vocal proponent.
When DTSE& E was disestablished in 1999, council lead-
ership and SBA responsibility were transferred to the
Director, Systems Acquisition, Mr. John Wilson. In early
2000 this office too was abolished, and SBA responsihil-
ity transferred to the newly-established office of the
Director of Interoperability, Dr. V. Garber, where it now
resides. Each move resulted in a re-examination of the
Department’ s strategy in the SBA arena.

Dr. Garber and other acquisition community leaders re-
gard modeling and simulation as essential to the
development and verification of interoperable defense
systems. Another major motivation for pursuing SBA
capabilities is the growing consensus among DoD leaders
that the department must manage its acquisition on a mis-
sion area (SoS) vice individual weapon system basis. As
noted previously, SoS requires the existence of the capa-
bilities collectively envisioned by SBA and IDE.

Under Dr. Garber’s leadership, the Acquisition Council is
again considering what actions are appropriate and practi-
cal at a corporate level to promote the attainment of the
capabilities envisioned by SBA. Tasks that the Acquisi-
tion Functional Working Group, a working-level body
under the council, has thus far identified include:

e Open adiaog with other agencies and nations

 Examine SBA-related activities underway across
government and industry in order to assess progress
on SBA enablers and identify overlaps and gaps
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e Ensure SBA materials are appropriately reflected in
the DoD acquisition references

e Expand M&S education and training opportunities

o Draft SBA related issues'recommendations for the
incoming administration

e Establish mechanisms for improved partnership with
government, industry and academia on SBA

In the test and evaluation (T&E) arena, the promulgation
of STEP (Simulation, Test and Evaluation Process)
guidelines in 1997 by the DTSE&E and Director of Op-
erational Test and Evauation (DOT&E), spurred new
thinking about the use of M&S. However, T&E organi-
zations have thus far not decided on specific criteria for
M&S use (e.g., what is good enough in terms of scope
and fidelity), often leaving program managers in a quan-
dary about how to satisfy T& E requirements.

OSD’s Ballistic Missile Defense Office (BMDO), which
manages, directs, and executes the acquisition program
for DoD's missile defense capability, maintains a suite of
core models that are used to address all aspects of the
missile defense "Family of Systems." These range from
campaign and mission level models, like the Extended Air
Defense Simulation and the more detailed Extended Air
Defense Test Bed; to the distributed hardware-in-the-loop
tool used to address interoperability engineering issues,
the Theater Missile Defense System Exerciser (TMDSE);
the concept of operations development tool, Wargame
2000; and a host of engineering models and simulations.

7. Defense Leadership Imperative

It may be concluded from the foregoing that significant
progress is being made but many challenges remain. It
remains to be seen whether SBA will gain traction as a
major DoD initiative or be merged into one or more other
efforts to achieve advanced acquisition environments. In
either event, the need for DoD to embrace SBA’s key
concepts, and put in place the necessary enablers to fa
cilitate itsinstitutional adoption, will remain.

To use anautical analogy, the DoD has little choice but to
move forward if it hopes to maintain steerage. To remain
competitive in the marketplace, defense companies, like
their commercial counterparts, are harnessing IT to inte-
grate geographically dispersed, multi-company teams for
product definition, development, production, marketing
and support. This is logical and consistent with historic
system engineering trends of opening up the trade space,
increasing collaboration and making greater use of M&S.

Thus it is clear that at least some of the capabilities and
concepts embraced by SBA will become commonplace.
The question is whether the new environment that
emerges will meet DoD needs. In this context, the gov-
ernment must consider many questions, including:

* Will information and tools be reusable across pro-
grams, so that each program and government
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oversight office does not have to develop or procure a
separate set for each program?

*  Will incentives (e.g., financial compensation) be in
place to encourage models, simulations, datasets and
other tools to be made reusable and be reused across
programs and companies?

*  Will requirements for the protection of classified and
proprietary information, and export restrictions, be
optimally accommodated and/or revised?

e Will the information and system representations in
M& S authoritatively represent the most relevant en-
tities, attributes and interactions that affect the
question at hand, vice being selectively decided by
the contractor trying to sell a product?

* Will industry be able to exchange information and
interoperate their tools to facilitate teaming, second
sourcing, foreign military sae (FMS) offsets and
multi-national collaborative acquisitions?

* Will DoD acquisition professionals be equipped to
deal with this new marketplace and itsissues?

e Will our budgeting and business practices be revised
to leverage these new approaches, vice making it im-
possible to harness their potential or wasting funds by
insisting on interacting in traditional ways?

Experience to date and current industry trends indicate
that unless the government takes concerted action, the
answer to al these questions will be NO.

8. International Implications

The SBA courses chosen by each nation and its industrial
base will have a profound effect on international defense
cooperation. The impacted areas include coalition de-
fense, collaborative acquisitions, and the industrial base.

8.1 Coalition Defense

When nations conduct coalition (combined) operations, a
larger system of systems (SoS) is formed and
interoperability between the nations' forces is required.
The degree of interoperability needed for effective coali-
tion operations will vary with the nature of the
interactions (e.g., media, type, volume, time constraints).
The least demanding scenario might be an operation
where each nation’s forces are geographically segregated
and only loose coordination need occur, such as passing
advisory information. Most demanding might be an inti-
mate mixing of forces across multiple mission areas,
involving tightly coupled offensive and defensive opera-
tions such as mixed amphibious assaults, aircraft strikes
and the cooperative engagement of airborne threats.

Whatever the expectation, the required interoperability
must often be “built in” and verified prior to the assembly
of the coalition force. SBA capabilities must enable SoS
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analysis of the systems that have to work together. A bi-
lateral or multi-national SoS analysis can only occur if the
SBA tools can exchange information that is understood by
all in acommon context and with adequate security.

Many things must be agreed to for thisto be possible. For
instance, without a common understanding of the entities
and interactions in the battlespace, common standards for
the semantics and syntax of exchanged information, com-
patible security mechanisms (e.g., encryption devices and
access policy), and the ability to link the systems and/or
simulations together as they run, a meaningful SoS analy-
sis cannot be achieved.

8.2 International Collaborative Acquisitions

Conducting international collaborative acquisitions, such
as Joint Strike Fighter, requires an even greater degree of
interoperability among SBA tools. The reason for this
can be understood by considering the granularity of what
isbeing represented in M& S.

M&S Hierarchy

Requirements Mission

) Needs
Generation

(What is needed?)

Sequence: Mission

Constructive (Outcomes)

irtual (HITL)

System
Needs

Engagement
(System Effectiveness)

d Live (HWIL)

Performance

Campaign\capabilites Assessment

(How well does it work?)
hat does it cost?
Mission/Battle w )
(Mission Effectiveness)

iabi lities
Performance

such that all share (within security constraints) a common
view into, and ability to interact with, a simulated repre-
sentation of a system’'s design, manufacturing and
operating environment, then the dynamics of the defense
marketplace change dramatically. SBA could thus usher
in greater business opportunities for each nation’s defense
companies by providing them an expanded marketplace in
which to sell their skills and products. The converse is
also true — each government can enjoy the benefits of
having more companies compete for their business.
While some may fedl threatened by this increased compe-
tition, the record is clear that thisis good for all nations.

9. Potential Areas of Cooperation

If TTCP nations desire favorable SBA impacts in the
three areas discussed above, the critical question is what
should be done. The following areas of potential coop-
eration are offered for consideration:

a) Agreementsregarding the shar-
ing of data, models, simulations and
analyses

b) Waysto identify such reusable
resources

Concept

¢) A standard technical architec-
ture for ssmulation runtime
interoperability (e.g., the High Level
Architecture, HLA)

d) Identification of authoritative

System

Requirements,

Engineering

(System/Subsystem/Component Performance)

Capabilities sources for information

€) Common conceptual models of
each mission space (an SoS issue as

Concept Definitions
(candidate solutions)

Figure 1. M&S Usein System Design

As shown in the above figure, collaborative design of a
new system typically requires exploration of issues at the
sub-system level, whereas representations of the interac-
tions of two nations' forces engaged in a coalition defense
operation would more commonly be represented at a
higher level (e.g., mission level).

The specific depth and breadth of interoperability needed
among the components of a new system will vary with the
manner in which work is divided among the nations and
the complexity of the component interfaces. For example,
one nation building a crane to be installed on another na-
tion's ship will likely have less stringent interoperability
congtraints than each nation building different compo-
nents of the same gas turbine. The more intimate the
interactions, the greater the degree of standardization re-
quired among the nations' SBA implementations.

8.3 Industrial Base

If SBA implementation is coordinated among the nations
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well)

f)  Common information models
for different system types

Data interchange standards (an IDE issue as well)

Verification, validation and accreditation (VV&A)
procedures and documentation

i) Methods and tools to mange collaboration and multi-
domain optimization

j)  Sharing lessons learned (e.g., successful and failed
policies, processes, return on investment, motivation)
k) SBA education (methods and materials)

[) SBA experimentsand pilot projects

10. Summary

SBA is a very promising but challenging concept. The
manner in which SBA is implemented, or not imple-
mented, within and among nations will have major
implications on coalition defense, collaborative acquisi-
tions and the defense industrial base. Thisisacompelling
areafor international cooperation.
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